Differences in housing prices and rental prices across cities or regions and the relationship between prices and socioeconomic fundamentals are frequent research foci in urban and real estate economics, but the existing studies on China's housing market rarely consider both housing price and rent. This study provides a framework for a quantitative analysis of a country's housing market from the perspective of supply and demand, and takes China's housing market as a case study. The current study first explores the key factors that affect housing prices and rental prices using data from 202 cities and collected from 2011 to 2014. Then, theoretical values of housing prices and rental prices in each city are estimated, and the spatiotemporal characteristics of deviation of housing prices and rental prices are analysed. The empirical findings of the current study mainly reveal the following three points. First, the determinants of housing prices and rental prices have similarities. Second, the effect of above factors shows obvious spatial heterogeneity. The coefficients of the variables are different between coastal and inland regions, indicating different demand and supply elasticities across regions. Third, the price deviation presents significant spatial agglomeration. Cities with higher price deviations are clustered in the Yangtze River Delta and Beijing-Tianjin-Hebei, while the price deviations are relatively mild in the Pearl River Delta region.
Introduction
Real estate plays a relatively important role in the economic activities of countries worldwide. The housing market occupies the highest proportion of the real estate market. Housing assets also occupy significant proportions of family wealth in many developed countries [1, 2] . The fluctuations of housing prices and rental prices can significantly influence the macro economy and are directly related to the living quality of families and the overall welfare level of a society.
China is the largest developing economic entity in the world. The development of the housing market in China conforms to general experience and basic law. In other words, a fast economic growth period is accompanied by the growth of housing prices. The housing market in China has certain unique characteristics due to special institutional factors, such as public land ownership and frequent government control over the real estate market. Thus, the differences in housing prices and rental prices across cities or regions provide a valuable opportunity for empirical study to affirm and deepen our understanding of the classic theory. The housing market maintained a high growth rate in terms of scale and price after the market-dominated housing supply system was determined in China in 1998. The degree of transaction activity of the real estate market, especially the housing market, remains high, even though the growth of China's macroeconomy is under strong downturn pressure. According to the data of the State Statistics Bureau, the average marketing price of commercial residential buildings in 2010 was 4,725.0 RMB/m 2 , which increased by 52.44% to 7,203 RMB/m 2 in 2016. The sharp growth rate of housing prices intensified the housing burden of residents and increased anxiety among stakeholders regarding the financial risks of real estate. Many popular cities implemented measures to inhibit the growth of housing prices by focusing on "purchase limits" and "credit limits." The 19th CPC National Congress proposed the implementation of a housing system that ensures supply through multiple sources, provides housing support through multiple channels, and encourages house purchasing and renting. This proposed action will enable China to address the housing needs of its people. As China has a vast territory and many cities, there are great differences in economic and social development across regions and cities. It is of great significance for market supervision and decision-making departments to grasp the characteristics of housing prices and rental prices in different cities or regions and judge the reasonability of the current housing prices and rental prices in different cities or regions when implementing targeted management measures. Therefore, a study focusing on identifying the influencing factors of housing prices and rental prices, exploring the differences between the residential real estate market and the rental housing market in China and presenting the spatiotemporal characteristics of the price deviation and its changes is necessary.
According to the supply-demand analysis framework [3] [4] [5] [6] , the growth of housing prices and rental prices in cities are highly related to several fundamental factors, such as economic growth, improvement of living quality, and population mobility. Therefore, the rapid growth of housing prices (or a high price) must not be accompanied by increased risks. Researchers should focus on which cities' housing prices or rental prices deviate seriously from the socioeconomic fundamentals and which cities' housing prices or rental prices do not. However, the existing studies on housing price deviations in China mainly focuses on 35 large and medium-sized cities rather than on overall analysis, and little attention has been paid to rental prices deviation. The present study establishes an econometric model according to the supply-demand framework based on data from 202 cities collected from 2011 to 2014 to examine the problems mentioned above. The originality and contribution focus on three aspects. First, the size of the urban sample is expanded to reflect the overall situation of the country and regional differences. Second, the GTWR (Geographically and Temporally Weighted Regression) model is used to analyse the spatiotemporal heterogeneity of the factors affecting housing prices and rental prices, and to understand the differences between the Chinese housing market and the rental market. Third, the spatiotemporal characteristics of house prices and rental prices deviations are analysed, and references for the regulation policy of the real estate market are provided.
Literature Review
To recognize the decision factors regarding the differences in housing prices and rental prices across cities, the academic circle established an analysis framework that combines supply and demand and achieved rich theoretical and empirical research outcomes [3] [4] [5] [6] [7] [8] . Ozanne and Thibodeau were the first to establish the supply-demand equilibrium analysis framework of housing price and rental prices in different study cities. They proposed that the long-term equilibrium housing price of a city is the function of supply and demand, and the differences in housing price and rental prices across cities are the consequence of differences in the supply or demand [5] . Rosen and Robcak studied wage differences across cities and proved the existence of a living quality equilibrium for families across cities [9, 10] . Roback expanded the analysis to housing markets in cities. He concluded that the differences in housing price across cities can be divided into wage and urban amenity differences [9] . Manning used previous studies as the basis to construct a model that interprets the housing price differences across cities. He set the demand as the function of the real monetary income of a family, the nonmonetary income of family, and a preference between these two factors [3, 4] . He enlisted the Sustainability 2019, 11, 7232 3 of 28 urban amenity proposed by Roback into the nonmonetary income, which influences demand and sets the supply into the function of the construction costs and available land resources in cities. Potepan constructed a model involving housing price, rent, and land price on the basis of the supply-demand framework. An empirical study using the statistical data of 58 cities in the USA from 1974 to 1983 was conducted. This study found that the median income, population, construction cost, climate, and public service quality were important factors that explain the differences in housing prices and rental prices across cities [6] . Antoniucci and Marella examined the effect of immigrant population on urban house price polarization using data from 112 Italian provincial capitals, and proved that larger immigrant populations will result in nationwide steeper housing price gradients [11] . Egner and Grabietz explored the driving factors of rent prices in German cities using the same framework using time-series analysis, and found that the share of students and the local mean income account for differences in quoted rent prices [12] . In recent years, some scholars have also expanded this basic analysis framework by including factors related to urban residents' expectations. For instance, Soo, C. K. developed measures of housing sentiment for 34 cities across the United States and found that housing media sentiment has significant predictive power for future house prices [13] . Howard and Liebersohn constructed an asset-pricing theory to explain why regional income divergence explains much of the variation in U.S. house prices [14] .
Housing prices will not constantly be equal to the long-term equilibrium level decided by the supply-demand fundamentals, but they may deviate to varying degrees due to short-term fluctuations [15] [16] [17] [18] . The growth of the asset price develops bubbles when it cannot be explained by changes of fundamentals [19, 20] . To calculate the deviation of the housing price and determine whether bubbles exist in the real estate market, the price decided by the fundamentals must be measured [21] . The supply-demand analysis framework is one of the methods used to estimate the theoretical price determined by fundamentals. Many scholars studied how the real estate market operates in different countries using this perspective [17, 19, [21] [22] [23] . Stevenson estimated the fundamental housing price in Ireland from 1995 to 2003 according to the demand model; they found that most housing price fluctuations in Ireland in the late 1990s were supported by economic and population fundamentals [21] . However, this study focused on the overall national conditions without considering the differences across study regions. Case and Shiller explained the most serious housing price fluctuations in eight states in the USA from 1985 to 1999 using six fundamental variables, namely, population growth, unemployment rate, per capita income, and newly constructed houses. The results were used to predict housings price from 1999 to 2002; they found that the supply-demand fundamentals significantly underestimate the actual growth of housing prices [19] . Meanwhile, Goodman and Thibodeau estimated the housing supply-demand elasticity in different cities in the USA based on the fundamental supply-demand data from 1990 to 2000. Next, the expected housing price growth rate in 84 cities from 2000 to 2005 was calculated according to supply-demand elasticity. The actual growth rate of 25 cities exceeded the expected growth rate of 30%, and housing price bubbles had evident regional concentrations [17] . A few studies have pointed out that places with a small supply elasticity easily develop speculative activities and housing price bubbles [22, 24] .
These research frameworks have been widely applied to study the housing market in China and analyse the relationship between housing prices and fundamentals to achieve rich research outcomes [25] [26] [27] [28] [29] [30] [31] [32] . For example, Li and Chand studied the influences of the supply-demand fundamental on housing prices based on the panel data of 29 provinces from 1998 to 2009. They discovered that income level, construction cost, holding cost, and land price served as the fundamental factors that influence housing prices. Moreover, they found that provinces with developed economies were sensitive to supply factors [26] . Wu, Gyourko, and Deng selected and constructed several supply and demand indexes, such as the housing inventory-sale ratio, construction cost, residential land supply, housing price level in the previous period, and expected export growth. Based on the regression of panel data in 35 largeand middle-sized cities from 2006 to 2013, they found that the inventory-sale ratio, housing price level in the previous period, and expected export growth could significantly influence the growth rate of housing prices [29] . Dreger and Zhang investigated the relationship between housing price fluctuations and macroscopic economic fundamental factors in 35 large and middle-sized cities. They reported the existence of a co-integration relationship between the actual housing prices and actual per capital income, and the actual land price and actual interest rate. The analysis of residual error showed that the deviations in housing prices from the equilibrium values were controlled within 15% in most cities from 2008 to 2010, but were relatively high in some southeast coastal cities and special economic zones [25] . Wang and Zhang set the equilibrium growth rate of housing prices in cities as the function of supply factors (growth of the residential land supply amount and construction costs in cities) and demand factors (per capital income growth and population growth) using the supply-demand analysis framework. The gap between the equilibrium growth rate and actual growth rate in 35 cities was discussed. The research demonstrated that housing price fluctuations in most cities can be explained by changes in the supply-demand fundamentals [28] . However, the housing price growth rates in a few coastal cities deviated significantly from the predicted growth rates. In summary, estimating the long-term equilibrium value and then comparing it with the actual value is the main principle to judge the deviation of housing prices [17, 19, 21, 25, 28] . Estimated prices are usually predicted by a reduced form of the formal model under the supply-demand framework. The choice of variables in the reduced form model is based on existing studies, the context of specific countries, and data availability. The coefficients of the variables are estimated by different methods, such as directly regressing housing prices on fundamental factors using OLS [19, 21] or the Error Correction Model [25] , inferring each coefficient separately from income and the housing demand price elasticities and other parameters [28] . In terms of model selection, most existing studies use the global panel model and the fixed effect model to estimate the factors influencing housing prices. The problem of using the global model is that the effects of the variable remain constant over time and space. However, in the study of the inter-city real estate market, regional differences are obvious. The assumptions of spatial and temporal stationarity are not realistic, and the parameters tend to vary over the study area, especially within large markets. [33] [34] [35] . The geographically weighted regression (GWR) is a common method for capturing spatial heterogeneity [36] , and it outperforms the spatial expansion method in terms of explanatory power and predictive accuracy [37] . It has been applied to the research of China's real estate market [38] , but the GWR model are commonly used for cross-sectional data. Although some studies developed expanded version of the cross-sectional GWR analysis to panel data, the method assumes bandwidths and weights generated from the kernel function will remain temporally invariant [39] [40] [41] . The geographically and temporally weighted regression (GTWR) model incorporates time factors based on the GWR model [33] and can be used to estimate panel data.
Two major conclusions could be drawn from the literature review. First, there is a most common theoretical foundation and analytical framework for the long-term equilibrium values of housing prices and rents in different cities. And the most basic factors should be considered in to empirical studies are from the supply side (e.g., land price, construction cost, land supply, and supply limit), as well as demand side (e.g., population, income, and amenities). Second, in the larger real estate market, the traditional global regression model has difficulty reflecting the spatial heterogeneity of the influencing factors. Using the local regression model is not only able to reflect the spatial heterogeneity of the influencing factors but can also improve the accuracy of the estimation. The studies on the relationship between the urban housing market and fundamentals in China can be improved in the following aspects. First, the sample cities in previous studies were mainly limited to 35 large and middle-sized cities. China has an extensive territory. Significant differences exist in terms of the natural environment, economic, and social development level, and government regulations across different regions and cities in China. Although the 35 large and middle-sized cities cover most regions, they are mainly municipalities and provincial capitals. These areas cannot accurately represent the overall situation of Chinese cities. Second, only a few empirical studies have thoroughly explored the rental housing market in China. The rental housing market is an important submarket of the urban real estate market. Given the accelerating urbanization process in China, the role of the rental housing Sustainability 2019, 11, 7232 5 of 28 market cannot be ignored in the background of the decline in the affordability of housing in hotspot cities. Third, in the global model, the influence of the variables average over space and time, so the spatial heterogeneity of the influencing factors cannot be captured.
The research innovation of this study focuses on three aspects. First, the differences between the residential real estate market and the rental housing market in China are compared. Second, the GTWR model is used to improve the explanatory power and to quantify and analyse the spatiotemporal heterogeneity of the influencing factors. Third, the spatiotemporal characteristics of price deviations are analysed, which could provide references for policy decisions regarding the housing market.
Materials and Methods

Research Process
This study will be carried out in accordance with Figure 1 . In the first step, based on the supply-demand analysis framework, the existing literature, and the Chinese context, we select the variables to construct the housing price and rental prices model. The second step is to use the data of 202 cities to determine the key factors that affect housing prices and rental prices, estimate the coefficients of all variables, and calculate the estimated values of housing prices and rental prices of each city. Third, the house prices and rental prices deviations according to the estimated values and actual values of the house prices and rental prices in each city are calculated. Fourth, the spatiotemporal characteristics of the house prices and rental prices deviations are presented, and possible reasons for the deviations are discussed. Finally, the results of models and the spatiotemporal characteristics of the price deviations are discussed and compared with the results of existing studies, and some policy recommendations for real estate market management are put forward. The research innovation of this study focuses on three aspects. First, the differences between the residential real estate market and the rental housing market in China are compared. Second, the GTWR model is used to improve the explanatory power and to quantify and analyse the spatiotemporal heterogeneity of the influencing factors. Third, the spatiotemporal characteristics of price deviations are analysed, which could provide references for policy decisions regarding the housing market.
Materials and Methods
Research Process
This study will be carried out in accordance with Figure 1 . In the first step, based on the supplydemand analysis framework, the existing literature, and the Chinese context, we select the variables to construct the housing price and rental prices model. The second step is to use the data of 202 cities to determine the key factors that affect housing prices and rental prices, estimate the coefficients of all variables, and calculate the estimated values of housing prices and rental prices of each city. Third, the house prices and rental prices deviations according to the estimated values and actual values of the house prices and rental prices in each city are calculated. Fourth, the spatiotemporal characteristics of the house prices and rental prices deviations are presented, and possible reasons for the deviations are discussed. Finally, the results of models and the spatiotemporal characteristics of the price deviations are discussed and compared with the results of existing studies, and some policy recommendations for real 
Method of Price Deviation Estimation
The housing price or rental price (Pi,t) of one city consists of an estimated theoretical value of housing prices or rental prices (P*i,t) and the deviation from the estimated value (μi,t). The literature review indicates that P*i,t shall be decided by the supply (Si,t) and demand (Di,t) of the urban housing market.
The supply and demand of the housing market are sensitive to exogenous variables. In the present study, the variables are selected based on the supply-demand analysis framework [3] [4] [5] by combining the existing literature with the actual situation in China. The econometric model is 
The housing price or rental price (P i,t ) of one city consists of an estimated theoretical value of housing prices or rental prices (P* i,t ) and the deviation from the estimated value (µ i,t ). The literature review indicates that P* i,t shall be decided by the supply (S i,t ) and demand (D i,t ) of the urban housing market.
The supply and demand of the housing market are sensitive to exogenous variables. In the present study, the variables are selected based on the supply-demand analysis framework [3] [4] [5] by combining the existing literature with the actual situation in China. The econometric model is constructed to explore the key influencing factors of housing prices and rental prices and their degrees of influence. P* i,t is predicted by this econometric model. Next, the deviation value of P i,t from P* i,t is calculated as µ i,t in Equation (1) . The deviations of housing prices or rental prices reflect the operating situations of the urban housing market from the perspectives of the house sales and rentals. A high absolute value of the deviation results in a low operating quality of the urban housing market. A positive or negative deviation value shows that the actual housing prices or rental prices in cities are higher or lower than the estimated value. The specific calculation formula is given by the following:
Deviation of housing prices or rental prices =
P i,t − P * i,t P * i,t(3)
Geographically and Temporally Weighted Regression Model
The GWR model considers the spatial heterogeneity of the parameter estimates by constructing a spatial weight based on the distance determined by (x, y) between an observation point and all other observation points. Temporal effects can also lead to nonstationarity in real estate prices, but the GWR model can only estimate the data of different years separately. Some scholars have further incorporated time information into the GWR model [33] , which accounted for the spatiotemporal heterogeneity in the parameter estimates by constructing the weight based on the distances determined by the (x, y, t) coordinates between observation i and all other observations. GTWR captures both the spatial and temporal heterogeneity and improves the explanatory power. The GTWR model can be expressed as follows:
where (u i , v i , t i ) denotes the coordinates of the point i, β 0 (u i , v i , t i ) represents the intercept value, and β k (u i , v i , t i )X ik is a set of values of the parameters at point i. Unlike the global model, this model allows the parameter estimates to vary across space and time and is, therefore, likely to capture local effects. Essentially, the problem here is to provide estimates of β k (u i , v i , t i ) for each variable k and each spatiotemporal location i. Spatio-temporal bandwidth should be determined before estimation. The bandwidth in the GTWR model determines the rate at which the regression weights decay around a given point (u i , v i , t i ). It is important to choose a suitable bandwidth to obtain accurate estimates of coefficients. Cities are distributed sparsely in some areas, but densely in other areas. To avoid exaggerating the degree of nonstationarity in the areas where data are sparse or mask subtle spatial nonstationarity where the data are dense, adaptive function are used [42] . The spatial context (the Gaussian kernel) is a function of a specified number of neighbours. Kernels have larger bandwidths where the data points are sparsely distributed, and have smaller bandwidths where the data are dense. The optimal neighbour parameter will be searched using cross-validation (CV) criteria [33] . This study uses the GTWR model plugin in Arcgis 10.2 developed by Huang et al. to process the data.
Empirical Analysis Framework and Model
The common variables in the demand factors, which influence the long-term equilibrium level of housing prices and rental prices, include income, population size, employment, and amenity [3, 4, 6, 16] . The current study measures income and employment by urban per capita disposable income and the proportion of employed persons in tertiary industries. Despite the local population size, the inflow of foreign populations will increase the demand for houses, thereby increasing housing prices and rent [43, 44] . The recent rapid progress in China's urbanization has caused large rural populations to Sustainability 2019, 11, 7232 7 of 28 migrate to the cities. The migration of huge populations from small-to large-sized cities results in huge demands for housing purchases and rental in the destination cities. The current study uses the permanent resident population size and proportion of the net inflow in permanent resident population to measure the population size and population flow, respectively. An amenity is a nonmonetary income gained from a city [9] , which is often divided into natural amenities and public service quality. Cities with good climate and public resources, such as education, health care, and culture, can attract additional population. The current study measures the climate by the difference in annual temperature. Public resources are measured by variables constructed from Public Service Quality (PSQ) related to education, health care, and public transportation.
The existing studies on housing prices in China considered the impacts of monetary income [28] [29] [30] 45 ], but only a few have fully considered nonmonetary income (e.g., amenities). Given that there are many existing variables that can reflect PSQ in cities and that they are highly mutually correlated, serious multicollinearity can occur if they are used in the model. To solve this problem, the comprehensive variables of PSQ in cities are constructed by factor analysis. Factor analysis enables most information of the original data to be reflected by a few principal components. The current study selects 15 indexes from five aspects (education, health care, public transportation, entertainment, and environment, Table 1 ) that influence housing prices and rent [9, [46] [47] [48] for the factor analysis. Before the factor analysis, the correlations among different data shall be tested to determine whether they are applicable to such analysis. The KMO test is the common test method. The KMO value is higher than 0.7, indicating that the original data are applicable to factor analysis. The descriptive statistics and factor analysis of the indexes are listed in the Appendix A (Tables A1 and A2 ). The current study jointly extracts factors using the same axis across years. The accumulative variance explained by the retained principal components is 68.29%, which can reflect most of the information of the original data. Finally, the scores of cities for each public factor are calculated according to the factor score coefficient matrix and the original data. The scores of all public factors are weighted and added. The weights are measured by the proportions of variance explained by the derived principal for the retained principal components. The PSQ variables in the established model are the scores of the weighted factors. To avoid endogeneity bias caused by reversed causality of demand side variables, one year lagged permanent population, one year lagged per capita disposable income, and one year lagged proportion of net inflow population are used.
The common variables in the influencing factors of the supply end include housing stock, development costs, land supply, and land prices [3, 4, 26, 28, 54] . The floor space of commercial residential houses completed and investments in real estate development per capita are used to measure the housing stock and development costs. Considering the periodicity of real estate development and the avoidance of endogenous problems, the land supply is expressed by the one-year-lagged transaction volume of residential land and the one-year-lagged residential land price. Scarcity in land supply is an important influencing factor of housing prices [55] . For example, the geological position of cities [5] and the regulation policies on land utilization [56, 57] restrict the supply of residential lands from the natural and administrative perspectives. The available construction land area for residential development in Chinese cities is controlled strictly by land use planning. A high percentage of land used for urban construction implies that there is a relatively large space for the growth of residential land. The PSQ variable has been normalized during the process of factor analysis. Some variables are expressed as natural logarithms to avoid the influence of heteroscedasticity and the scale of variables. The housing price model (Equation (5)) below is constructed on the basis of this analysis:
The variables in the housing rental prices model that influence demand are consistent with those in the housing price model. With respect to supply, certain differences exist in terms of the factors that influence the supplies in the rental housing and selling markets. On the one hand, the supply in rental housing market is related to the number of houses and is measured by floor space of commercial residential houses completed. On the other hand, it is related to whether the house owners are willing to rental prices the houses or not. When house owners expect to gain extra asset income, they may offer additional houses for renting. To prevent endogenous problems that may be caused by the rental yield of the current year, the rental yield of last year, that is, the rent-to-price ratio, is used in the measurement. The supply in the rental housing market is sensitive to the property tax and loan interest rate [6] . However, given that the tax for individual residential real estate is not collected in China and a small regional difference exists in terms of the interest rate, these two variables are omitted from the model. The housing rental prices model (Equation (6)) below is constructed on the basis of this analysis: 
Data
The housing price data released by the State Statistics Bureau cannot cover the 202 cities included in the study; thus, the data for urban housing prices and rental prices are collected by the China Housing Price Platform, which is constructed by the Chinese Real Estate Association (http://www.creprice.cn/). This platform is increasingly used in many academic study fields. For example, Wang et al. and Zhang et al. applied the data of the China Housing Price Platform in studying China's real estate market [45, 58] . The various social and economic data of 202 prefecture-level cities or higher levels (a total of 292 prefecture-level cities or higher levels in China in 2014, and a few cities with data missing are eliminated from samples) from 2011 to 2014 come from different official statistical yearbooks and databases. Some data are used after pre-processing. The proportion of net inflow 
Results and Discussions
Model Comparison
The OLS model is first used to estimate the key factors affecting housing prices. Hausman test is used for choosing between fixed effect and random effect. F test is used to determine whether there is time fixed effect. The results of Hausman test (p = 0.000) and F test (p = 0.0000) indicate that there is significant location and time fixed effect. The current study introduces dummy variables (urban administrative level, region of cities, and year) to control location fixed effect and year fixed effect. According to the adjusted R-square, the OLS model explained 78.06% of the variation in house prices in 202 cities. The variance inflation factor (VIF) of all variables is less than 5, indicating that there is no problem of multicollinearity among the variables (shown as Table 3 ). The signs of all variables' coefficients are consistent with expectations. In terms of demand factors, the quality of public services, the one-year-lagged proportion of net inflows, one-year-lagged permanent residents, and one-year-lagged per capita disposable income all have a significant positive impact on housing prices, and the annual temperature difference has a significant negative impact on housing prices. In terms of supply factors, the development cost and the residential land supply price in the previous year both have a significant positive impact on house prices, while the house stock and supply of residential land in the previous year has a significant negative impact on house prices. To capture the spatial heterogeneity of each variable more accurately, the GTWR model is further used for estimation. The results are shown in Table 4 . From the diagnostic information, in the GTWR model, the adjusted R-square rises to 0.8646, and RSS also decreases significantly, indicating that the GTWR model is better than the OLS model. Spatiotemporal Distance Ratio is defined as a linear combination of spatial distance and temporal distance:
where k is the spatio-temporal distance ratio. Location and time are usually measured in different units, so GTWR model introduces a parameter to balance the different spatial and temporal units. In the current study, we use automatic optimization to obtain the appropriate parameter value by cross-validation in terms of R-squared. Since the GTWR model allows the coefficients of the variables to vary across space, the coefficients are an interval, which is reflected by the minimum (MIN), average (AVG), maximum (MAX), lower quartile (LQ), median (MED), and upper quartile (UQ). In terms of the average value, the signs of each variable are consistent with expectations. In the OLS model, the influence of each variable in different locations is constant, which is often inconsistent with the reality. Therefore, the GTWR model is more favourable than the OLS model in the study of housing prices in large real estate markets.
In the selection of the rental prices model, the OLS and GTWR models are used for comparison. In OLS model, all variables have significant effects on rental prices at the 5% significance level, and the signs of the variables are consistent with the expectations. Location fixed effect and year fixed effect are also controlled by introducing dummy variables. The test of the variance inflation factor (VIF) proves that there is no multicollinearity among the variables. According to the diagnostic information in Tables 5 and 6 , the adjusted R-square increases from 0.7628 in the OLS model to 0.8569 in the GTWR model, and RSS in the GTWR model are significantly reduced, indicating that the explanatory power of the GTWR model is improved. Therefore, it is more favourable to use the GTWR model in the present study. On average, in terms of demand, the quality of public services, the proportion of employees in the tertiary industry, one-year-lagged proportion of net population inflows, one-year-lagged resident population, and one-year-lagged per capita disposable income, all have significant positive impacts on rental prices. The annual temperature difference has a significant negative impact on rental prices. In terms of supply, the cost of housing development and the price of residential land in the previous year have significant positive influences on rental prices. The housing stock, the proportion of urban construction land, and the supply of residential land in the previous year have significant negative impacts on rental prices, indicating that the increase in the housing stock and the potential housing supply have significant effects on suppressing a rental price increase. The one-year lagged rental yield has a significant positive impact on rental prices. When house owners gain high rental yields, they may believe that there is thriving demand in the rental housing market and prefer to increase rental prices continuously in the next year. Consequently, the rental yield of last year has a positive impact on the rental yield of the current year. To capture the spatial and temporal heterogeneity of the coefficients, the regression results of the GTWR models in years 2011 and 2014 are visualized by ArcGIS. The coefficients of each variable are divided into four quantiles to reflect the degree of influence in the different regions. From red to blue represents the first to fourth quantiles. Due to space limitations, the present study selects the results of some important variables, as shown in Figures 2-7 . In terms of the demand factors, the positive impact of the public service quality on housing prices in the eastern region is larger, indicating that the public service resources in the eastern region are more limited and the improvement of the public service quality has a greater effect on the housing prices. The per capita disposable income also has a greater impact on housing prices in the eastern coastal areas. It may be because eastern residents generally have more wealth, and the willingness and ability to purchase houses are stronger when disposable income increases. In 2011, the positive impact of the resident population on housing prices in the eastern region was more obvious. In 2014, its positive impact in the eastern region decreased, while its positive impacts in the central and western regions increased. Because the urbanization stage is more advanced in the eastern region, the marginal effects of the resident population on housing prices begins to diminish. In terms of the spatial heterogeneity of net inflow population, a similar pattern can be found. Because the central and western cities are still in the stage of rapid urbanization, the proportion of the net inflow population in the permanent population has a stronger positive effect on housing prices. In terms of supply factors, the supply of residential land in the previous year has a stronger negative effect on housing prices in the eastern and southern region, mainly because residential land in the eastern and southern region is relatively scarce, and the incremental space for residential land is limited. The negative impact of the supply of residential land on housing prices in the eastern and southern region was more obvious in 2014. In terms of development costs, the price of residential land in the previous year has a positive impact on housing prices in most areas, especially in the eastern region. The land cost accounts for a large proportion of China's housing development. The rise in residential land prices not only directly increases housing prices through the cost of housing development in the current period, but will also further push up house prices by affecting expectations. This expectation is more obvious in the eastern region, where residential land resources are relatively limited. 
Variables Affecting Housing Rental prices
Using the same method, the spatial and temporal heterogeneity of the coefficient of variables affecting housing rental prices is visualized. Due to space limitations, the results of some important variables are selected to present in this paper (Figure 8 to 13 ). In terms of the demand factors, public service quality, permanent population, and disposable income have greater positive impacts on the rental prices in the eastern region, indicating that residents in developed areas have higher requirements for public service quality when renting houses, and their ability to pay for rental prices is stronger. However, the mechanism of permanent population on rent is different from that on housing prices. The influence of the permanent population on rental prices is gradually decreasing from the eastern area to the central and western area. It may be because the housing prices in the eastern region are relatively higher, the proportion of the population that rent houses is greater. Therefore, the increase in the same amount of permanent population has a greater positive effect on housing rental prices in the eastern region. In terms of supply factors, the housing stock and supply of residential land in the previous year both have stronger negative impacts on the rental prices in the southern region, mainly due to the relatively limited supply and incremental space of rental housing in the southern areas. The price of residential land in the previous year has a greater positive impact on the rental prices in the coastal and eastern regions. The increases of housing development costs cause housing prices to increase and, thus, lead to higher rental prices. The coefficient has little variation in time, but the spatial variation between coastal and inland areas is always obvious, which indicates that the GTWR model is more favourable than the OLS model. 
Using the same method, the spatial and temporal heterogeneity of the coefficient of variables affecting housing rental prices is visualized. Due to space limitations, the results of some important variables are selected to present in this paper (Figures 8-13 ). In terms of the demand factors, public service quality, permanent population, and disposable income have greater positive impacts on the rental prices in the eastern region, indicating that residents in developed areas have higher requirements for public service quality when renting houses, and their ability to pay for rental prices is stronger. However, the mechanism of permanent population on rent is different from that on housing prices. The influence of the permanent population on rental prices is gradually decreasing from the eastern area to the central and western area. It may be because the housing prices in the eastern region are relatively higher, the proportion of the population that rent houses is greater. Therefore, the increase in the same amount of permanent population has a greater positive effect on housing rental prices in the eastern region. In terms of supply factors, the housing stock and supply of residential land in the previous year both have stronger negative impacts on the rental prices in the southern region, mainly due to the relatively limited supply and incremental space of rental housing in the southern areas. The price of residential land in the previous year has a greater positive impact on the rental prices in the coastal and eastern regions. The increases of housing development costs cause housing prices to increase and, thus, lead to higher rental prices. The coefficient has little variation in time, but the spatial variation between coastal and inland areas is always obvious, which indicates that the GTWR model is more favourable than the OLS model. housing in the southern areas. The price of residential land in the previous year has a greater positive impact on the rental prices in the coastal and eastern regions. The increases of housing development costs cause housing prices to increase and, thus, lead to higher rental prices. The coefficient has little variation in time, but the spatial variation between coastal and inland areas is always obvious, which indicates that the GTWR model is more favourable than the OLS model. 
Analysis of the Spatiotemporal Characteristics of Price Deviations based on the Overall Country
Temporal Variations of Price Deviations
According to the abovementioned housing prices and rental prices model (Equations (5) and (6)), the estimated value of house prices and rental prices determined by the supply-demand in each city is calculated and then compared with the actual value to obtain the price deviation degree. Based on the deviations of house prices and rental prices, cities are divided into two categories, i.e., higher than the estimated value and lower than the estimated value. A degree of deviation greater than 20% is defined as a significant deviation [59] .
As seen in Figure 14 and Figure 15 , from 2011 to 2014, the number of cities with significant housing price deviations decreased (23 in 2011 and 19 in 2014), indicating that the real estate market 
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Temporal Variations of Price Deviations
As seen in Figures 14 and 15 , from 2011 to 2014, the number of cities with significant housing price deviations decreased (23 in 2011 and 19 in 2014) , indicating that the real estate market regulation implemented in 2010 curbed the excessive growth of housing prices to some extent. The number of cities with significant housing price deviations showed a small rebound only in 2013, when the regulation of the real estate market relaxed slightly. From 2011 to 2014, the number of cities with significant housing rental prices deviations showed a gradual downward trend, reflecting the high correlation between the residential real estate sales and rental markets. Zhang et al. also found that the housing prices in most cities began to return to estimated levels under severe regulatory policies from 2010 to 2011 in their study base on 33 Chinese cities [58] .
As seen in Figure 14 and Figure 15 , from 2011 to 2014, the number of cities with significant housing price deviations decreased (23 in 2011 and 19 in 2014) , indicating that the real estate market regulation implemented in 2010 curbed the excessive growth of housing prices to some extent. The number of cities with significant housing price deviations showed a small rebound only in 2013, when the regulation of the real estate market relaxed slightly. From 2011 to 2014, the number of cities with significant housing rental prices deviations showed a gradual downward trend, reflecting the high correlation between the residential real estate sales and rental markets. Zhang et al. also found that the housing prices in most cities began to return to estimated levels under severe regulatory policies from 2010 to 2011 in Figure 14 . The number of cities with significant housing price deviations. Figure 14 . The number of cities with significant housing price deviations. 
Spatial Characteristics of Price Deviations
To explore the spatial characteristics of housing prices and rental prices deviations, ArcGIS 10.2 is used to visualize the average deviations of housing prices and rental prices in 202 cities during the study period (Figure 16 and 17) . The deviation of housing prices and rental prices presents spatial agglomeration in some areas, which is similar to Goodman and Thibodeau's study of the United States [17] . In terms of the average deviation of housing prices, the number of cities with significant deviations is small, which indicates no large-scale housing price bubble. The cities with significant housing price deviations gather in the south-eastern coastal areas, while cities with price deviations between 0% and 20% gather in the Beijing-Tianjin-Hebei City Clusters and north-eastern region. The specific reasons will be discussed later. Judging from the average deviation of rental prices, the number of cities with deviations more than 20% is small, and no spatial aggregation is formed. Cities with rental prices deviations between 0% and 20% form a clear cluster in the south-eastern coastal areas, the Beijing-Tianjin-Hebei City Clusters, and the north-eastern region. 
To explore the spatial characteristics of housing prices and rental prices deviations, ArcGIS 10.2 is used to visualize the average deviations of housing prices and rental prices in 202 cities during the study period (Figures 16 and 17) . The deviation of housing prices and rental prices presents spatial agglomeration in some areas, which is similar to Goodman and Thibodeau's study of the United States [17] . In terms of the average deviation of housing prices, the number of cities with significant deviations is small, which indicates no large-scale housing price bubble. The cities with significant housing price deviations gather in the south-eastern coastal areas, while cities with price deviations between 0% and 20% gather in the Beijing-Tianjin-Hebei City Clusters and north-eastern region. The specific reasons will be discussed later. Judging from the average deviation of rental prices, the number of cities with deviations more than 20% is small, and no spatial aggregation is formed. Cities with rental prices deviations between 0% and 20% form a clear cluster in the south-eastern coastal areas, the Beijing-Tianjin-Hebei City Clusters, and the north-eastern region.
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In the Yangtze River Delta City Cluster, the number of cities where housing prices and rental prices were significantly higher than the estimated value during the sample period decreased. In 2011, the numbers of cities with significant housing prices and rental prices deviations were 2 and 1, respectively, but in 2014, there were no cities with significant housing prices and rental prices deviations. The reason that significant house prices and rental prices deviations in 2011 are more common may be the large increase in the investment demand. The housing demand of the Yangtze River Delta City Cluster is strong, but the land resources are tight, and the housing supply elasticity is small. Many real estate investors are optimistic about the future growth of housing prices and rental prices in the region, resulting in a large influx of demand. In 2014, the prices deviation reductions in most cities in the Yangtze River Delta City Cluster are mainly the result of the continuous growth of the estimated value and the low growth rate of actual value under the control policy. On April 17th, 2010, the State Council issued the Notices on Determination to Inhibit Over Quick Growth of Housing Prices in Some Cities, which inhibits the overly quick growth of housing prices and implements strict differential housing credit policies. Subsequently, hotspot cities released specific purchase and credit limit policies successively, which restricted the number of house purchases and the proportion of down payments. The hotspot cities in Shanghai, Jiangsu Province, and Zhejiang Province in the Yangtze River Delta have all implemented strict purchasing and credit limit policies (shown as Figures 18-23 ). The increase in the estimated value is explained by the rapid economic growth, improvement in the quality of the infrastructure and public services, and a growing permanent population in the Yangtze River Delta City Cluster.
is small. Many real estate investors are optimistic about the future growth of housing prices and rental prices in the region, resulting in a large influx of demand. In 2014, the prices deviation reductions in most cities in the Yangtze River Delta City Cluster are mainly the result of the continuous growth of the estimated value and the low growth rate of actual value under the control policy. On April 17th, 2010, the State Council issued the Notices on Determination to Inhibit Over Quick Growth of Housing Prices in Some Cities, which inhibits the overly quick growth of housing prices and implements strict differential housing credit policies. Subsequently, hotspot cities released specific purchase and credit limit policies successively, which restricted the number of house purchases and the proportion of down payments. The hotspot cities in Shanghai, Jiangsu Province, and Zhejiang Province in the Yangtze River Delta have all implemented strict purchasing and credit limit policies (shown as Figure 18 to 23). The increase in the estimated value is explained by the rapid economic growth, improvement in the quality of the infrastructure and public services, and a growing permanent population in the Yangtze River Delta City Cluster. In the Beijing-Tianjin-Hebei City Cluster, it is more common that housing prices and rental prices were higher than the estimated values. In 2011, the housing prices of three cities were significantly higher than the estimated value. The cities with significant deviations decreased in 2014, but the housing prices of the all cities were still higher than the estimated value. The rental prices deviation is similar to that of housing price. It may be related to the expectation regarding the Beijing-Tianjin-Hebei Integration Strategy and insufficient control policies. The Beijing-Tianjin-Hebei Integration Strategy suggests that it is necessary to develop the radioactive driving effect of Beijing, build a world-class City Cluster with Beijing as the core, strengthen industrial synergy within the City Clusters, and further narrow the gap of income and basic public services among cities. Hence, investors have good expectations regarding the housing market in the region, and investment demands began to rush into Beijing and the surrounding cities. Except for the core cities, the Beijing-Tianjin-Hebei City Cluster witnessed overly rapid growth of the actual housing prices because these cities did not implement purchasing and credit limit policies. After the introduction of the Notices on is small. Many real estate investors are optimistic about the future growth of housing prices and rental prices in the region, resulting in a large influx of demand. In 2014, the prices deviation reductions in most cities in the Yangtze River Delta City Cluster are mainly the result of the continuous growth of the estimated value and the low growth rate of actual value under the control policy. On April 17th, 2010, the State Council issued the Notices on Determination to Inhibit Over Quick Growth of Housing Prices in Some Cities, which inhibits the overly quick growth of housing prices and implements strict differential housing credit policies. Subsequently, hotspot cities released specific purchase and credit limit policies successively, which restricted the number of house purchases and the proportion of down payments. The hotspot cities in Shanghai, Jiangsu Province, and Zhejiang Province in the Yangtze River Delta have all implemented strict purchasing and credit limit policies (shown as Figure 18 to 23). The increase in the estimated value is explained by the rapid economic growth, improvement in the quality of the infrastructure and public services, and a growing permanent population in the Yangtze River Delta City Cluster. In the Beijing-Tianjin-Hebei City Cluster, it is more common that housing prices and rental prices were higher than the estimated values. In 2011, the housing prices of three cities were significantly higher than the estimated value. The cities with significant deviations decreased in 2014, but the housing prices of the all cities were still higher than the estimated value. The rental prices deviation is similar to that of housing price. It may be related to the expectation regarding the Beijing-Tianjin-Hebei Integration Strategy and insufficient control policies. The Beijing-Tianjin-Hebei Integration Strategy suggests that it is necessary to develop the radioactive driving effect of Beijing, build a world-class City Cluster with Beijing as the core, strengthen industrial synergy within the City Clusters, and further narrow the gap of income and basic public services among cities. Hence, investors have good expectations regarding the housing market in the region, and investment demands began to rush into Beijing and the surrounding cities. Except for the core cities, the Beijing-Tianjin-Hebei City Cluster witnessed overly rapid growth of the actual housing prices because these The spatiotemporal characteristics of the housing price and rental prices deviations in the Pearl River Delta City Cluster are different from those in the Yangtze River Delta City Cluster and the Beijing-Tianjin-Hebei City Cluster. In 2011, the number of cities with significant housing price deviations was only one. There were no cities with rental prices significantly higher than the estimated value. Most cities' housing prices and rental prices were in the normal range. In 2014, the housing prices and rental prices in most cities were undervalued, except for those in the core cities, such as Shenzhen and Guangzhou. As the largest province in China in terms of economic scale, Guangdong Province has long been the destination of population inflow. Although public services and income levels are acceptable in cities other than Guangzhou and Shenzhen, there is still a clear gap between other cities and Guangzhou and Shenzhen. Coupled with the influence of the culture of appreciation for big cities, the core cities attracted most of the demand. In 2014, the housing prices of Guangzhou, Shenzhen, and Dongguan are higher than the estimated value, while the actual demand in other cities is insufficient, leading to housing prices and rental prices that are lower than the estimated value. Determination to Inhibit Over Quick Growth of Housing Prices in Some Cities, only Beijing, Tianjin and Shijiazhuang implemented restrictions on the purchases and loans of housing in the Beijing-Tianjin-Hebei Metropolitan Area. The Beijing-Tianjin-Hebei Integrated Strategy advances slowly in the study period and offers limited contributions to the growth of estimated housing prices in the region. The spatiotemporal characteristics of the housing price and rental prices deviations in the Pearl River Delta City Cluster are different from those in the Yangtze River Delta City Cluster and the Beijing-Tianjin-Hebei City Cluster. In 2011, the number of cities with significant housing price deviations was only one. There were no cities with rental prices significantly higher than the estimated value. Most cities' housing prices and rental prices were in the normal range. In 2014, the housing prices and rental prices in most cities were undervalued, except for those in the core cities, such as Shenzhen and Guangzhou. As the largest province in China in terms of economic scale, Guangdong Province has long been the destination of population inflow. Although public services and income levels are acceptable in cities other than Guangzhou and Shenzhen, there is still a clear gap between other cities and Guangzhou and Shenzhen. Coupled with the influence of the culture of appreciation for big cities, the core cities attracted most of the demand. In 2014, the housing prices of Guangzhou, Shenzhen, and Dongguan are higher than the estimated value, while the actual demand in other cities is insufficient, leading to housing prices and rental prices that are lower than the estimated value. 
Conclusion and Implication
Main Conclusions
The current study first used econometric models to explore determinants of housing prices and rental prices of 202 cities in China and calculate the estimated values of housing prices and rental prices, and then compared estimated values with actual values to calculate deviations. Last, spatiotemporal characteristics of deviations and possible reasons were analysed and discussed. The current study shed some new light on the overall situation of the housing market in large economies, especially with various types of cities, and cities at different stages of development.
First, determinants of urban housing prices and rental prices in China. On the demand side, quality of public services, permanent population size, net inflow of population, and disposal income have significant positive contributions. On the supply side, the housing and land supply have significant negative impacts on housing prices and rental prices, while development costs and land prices have significant positive effects. Rental prices were also positively affected by the previous year's rental yield.
Second, there exists spatial heterogeneity of the above effects, which means the effects of determinants on housing prices and rental prices are stronger in coastal areas than inland areas. Specifically, the positive impacts of public service quality, disposable income, land prices on housing prices and rental prices significantly decline from the east coastal to inland areas in China. Meanwhile, the negative effects of housing stock and land supply reduces from the coastal to inland areas.
Third, the deviation of housing prices and rental prices shows spatial agglomeration in some areas, and the number of cities with significant housing prices and rental prices deviation levels reduced. In China's three most important city clusters, cities with housing prices and rental prices In the Beijing-Tianjin-Hebei City Cluster, it is more common that housing prices and rental prices were higher than the estimated values. In 2011, the housing prices of three cities were significantly higher than the estimated value. The cities with significant deviations decreased in 2014, but the housing prices of the all cities were still higher than the estimated value. The rental prices deviation is similar to that of housing price. It may be related to the expectation regarding the Beijing-Tianjin-Hebei Integration Strategy and insufficient control policies. The Beijing-Tianjin-Hebei Integration Strategy suggests that it is necessary to develop the radioactive driving effect of Beijing, build a world-class City Cluster with Beijing as the core, strengthen industrial synergy within the City Clusters, and further narrow the gap of income and basic public services among cities. Hence, investors have good expectations regarding the housing market in the region, and investment demands began to rush into Beijing and the surrounding cities. Except for the core cities, the Beijing-Tianjin-Hebei City Cluster witnessed overly rapid growth of the actual housing prices because these cities did not implement purchasing and credit limit policies. After the introduction of the Notices on Determination to Inhibit Over Quick Growth of Housing Prices in Some Cities, only Beijing, Tianjin and Shijiazhuang implemented restrictions on the purchases and loans of housing in the Beijing-Tianjin-Hebei Metropolitan Area. The Beijing-Tianjin-Hebei Integrated Strategy advances slowly in the study period and offers limited contributions to the growth of estimated housing prices in the region.
The spatiotemporal characteristics of the housing price and rental prices deviations in the Pearl River Delta City Cluster are different from those in the Yangtze River Delta City Cluster and the Beijing-Tianjin-Hebei City Cluster. In 2011, the number of cities with significant housing price deviations was only one. There were no cities with rental prices significantly higher than the estimated value. Most cities' housing prices and rental prices were in the normal range. In 2014, the housing prices and rental prices in most cities were undervalued, except for those in the core cities, such as Shenzhen and Guangzhou. As the largest province in China in terms of economic scale, Guangdong Province has long been the destination of population inflow. Although public services and income levels are acceptable in cities other than Guangzhou and Shenzhen, there is still a clear gap between other cities and Guangzhou and Shenzhen. Coupled with the influence of the culture of appreciation for big cities, the core cities attracted most of the demand. In 2014, the housing prices of Guangzhou, Shenzhen, and Dongguan are higher than the estimated value, while the actual demand in other cities is insufficient, leading to housing prices and rental prices that are lower than the estimated value.
Conclusions and Implication
Main Conclusions
Third, the deviation of housing prices and rental prices shows spatial agglomeration in some areas, and the number of cities with significant housing prices and rental prices deviation levels reduced. In China's three most important city clusters, cities with housing prices and rental prices higher than estimated values gathered in the Yangtze River Delta city cluster and Beijing-Tianjin-Hebei city cluster. While the price deviation of most cities in the Pearl River Delta city cluster were relatively moderate. It is worth mentioning that from 2011 to 2014, cities with significant deviations in the Yangtze River Delta and Beijing-Tianjin-Hebei city cluster declined.
Policy Implications
Based on above conclusions and empirical findings, the current study offers insights for more reasonable public policy in the housing sector. First, housing policies should consider the overall development features in the region. In gathering areas of cities with high housing prices and rents deviations, macro policy's attention should be focused on the cooperation of different cities' local policies in the entire region. Meanwhile, detailed policy measures shall be determined according to the specific situation of each city. Second, supply and demand should be considered at the same time as a system. Cities with housing prices and rents higher than the estimated value should strive to improve public service quality and income level, making residents' good expectations for the future a reality. In a word, they should inhibit investment demands and fight for practical actions at the supply side. Third, the new and existing housing market should be considered simultaneously as a whole. Public policies focus on housing purchasing and rent should be simultaneously implemented. If cities face considerable demand pressures and have relatively inadequate stocks, they should exert further efforts to increase the residential land supply and the available house supply. However, given the relative adequate house stocks, policies should pay attention to facilitating a multi-channel house supply, increasing the holding cost of vacant houses, and encouraging house owners to rent vacant houses by providing subsidies. These cities should also consider enhancing the protection of the legal rights of tenants and facilitating the development of the rental housing market.
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